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Abstract of JP2003309284 

PROBLEM TO BE SOLVED: To propose the 
constitution of a light-emitting layer made of a 
111 nitride semiconductor which can emit light of 
a long wavelength range without raising an 
indium composition ratio likewise to deteriorate 
crystallinity, and to propose the constitution of 
a buffer layer for upgrading the crystallinity of 
each of a barrier layer and the light-emitting 
layer each made of a boron phosphide 
semiconductor layer. 
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[4$ffrt8#Offiffl] 

[MMi] ISNI^ibftSSffii, &&±\z&» htilz 

mmm t . ««Ji±*-ea»t & *tfc« 1 y xb 

fflBiSi (BP) l^BMBJit, JBico 

(B) 5ri*i:t^!)y (P) ftLfcSWiyy 
i*r*tfR**fe*MiS*L, Mig (N) IcJd* 10 

t !i VS^MS I i: L t^tf I I I 

^ • (A 1 . G a a I n r N, a P. : 0 

^a<l s 0 < £ ^ 1 . 0^v<ls a + 0 + y = l. 

0<5<i) ^*&«ri^*i^TV^Sr fcSrWRii-SW* 
[MM 3] Ii^II^it> f l2<Z)BiI^ N M 

T^^lL^I^ 3. 0±0. 2eVi:t5¥i*(Dyy 20 

(BP) Ra»&fc6£fc*4Wi:*-6MMl* 
[MM4] ^l(DPflig<t^^:ili:04 , ra^ctr/^2 

^k^s i &ytm t <D'tpm\ztp mmtmn btix^z z. 

fc£#«£i-*MMl ftv*L3fclBR<z>p ni'&iy 

[»*9 5] ISlcS* (Si) *i»»*:fflv^«ri:*r 
4#»t-rS»*«l ft^L4KfE*c<E>p n«*aj>ft 
W*»^»f*:38**^ 0 30 

[MM 6] M^&ft&XClK:. wMi: y ^tsr^- 
frffiflsjit, 9s i <o&mi&<o y xtum (bp) 

ig 2 commm t p n «<frs! y xta*^ 

*tp#H«rt-CJ»HR^J: 9 y WWSLt, Sffl^t y > 

[mm 7] mm&iaftk-tz&m&v >fcmm&mi- 

7 5 0t~l 2 0 0tO«SiT*fc5Ii:S:«Fl8 
i:i-5MM6U:|E«G>p nft^fiy yfb»*»**ft 

[mm 8 1 mm ii^i5 Kistto P n m&m y > 

[0 0 0 1 ] 
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[0 0 0 2] 

(G a x I n , x N : 0 ^ X ^ 1 ) ft if CO I I I M^itW) 

******* i LT*iJffi£*lTV^ (^Hg5 5-3 8 3 4 
^«#fl8) o G a x I n i X N (0^X< 1) jg^O— 
*Oi^fc5tft^y?A (GaN) O^MT*co«ih 
S*i ( b a n d g a p ) 3 . 4xl/^hn h 

(eV) X*h% <** MF, r^SMfc^'f *«Rj 

(1 9 9 5^3^ 3 0 0, (80 *0KR. 2 8 

H#flB) o {&&<DmtfX*£>%mk'<>iS<}J± (I 

nN) O^ao^Jh^FiBf**?) 1 . 8eVt^5 (±1E£> 

Hll*^teJ:91j*Six5383fc«>**ttaM±, G a Nco 

MJt«r«*C:»«i:-rS»3 6 6^/ (nm) 

T% I n NO»lt^*IlC#/£-r $ 6 8 9 n mJ£AT<£>ffilS 

[0 0 0 3] Gax I n, i NO«|Jh#«tt, # y *A 
(Ga) Jflfifcjfc (=X) N fcSV^i^^^^AttfKJt 

(= i -x) tdstjs ^x^mmm^mt-rz ^tt^b 

*ITV^5 (±EOW^0g 5 5-3 8 3 4 f ^SilJlfco 

ftixtf. ffi«B (Zn) . ^K;^ (Cd) , 

*A (Mg) , -<y y (B e) % ?)V^z^+;2x (G 

e) ^ (Cu) «<D^»fiiftS:aSJP"rjxfi. <fc«9*6lk?Bf 

[0 0 0 4] Gax I n, xNSr^3t^t LTfUffll-^^ 

3t^v k (led) cfcot, mytcD&m&m*:* 

Mklt-tltlbK.* pnS^fflO»*«*±, -R^*3t«t 
JSJtlSr^lBl^tS 2ocQfSI£ (9 =7 y K) It^ 
^) ft 5 2 1g^^ a(D^ouble Hetero:D 

H) WaStftoT^S (±IEO r^ajfr^^r^a 

Rj . 124-125 S#fiS) o * 7 s/ K ( c 1 a d ) 

T/l/ ^ Ms • jjy <?2± (A 1 x G a i X N: O^XS 

I) ^#ffi$ttTV^5 (WI2 0 0 1-1 6 8 3 8 4 
©#BB¥ 1 1 -2 8 9 1 0 8§, Sr/®1#^¥ 1 0 

- 2 2 5 2 5 -^#^$g#K) o 
[0 0 0 5] ^3l€C0 A 1 x G a , % N ( 0 ^ X 

^1) H45^7yKii:ftfU, y (B 

p) m^mitm*? 9 y Kst i*xwm-tz>&mwm& 

ZtlX^Z (*S«FfF6, 0 6 9, 0 2 l##fiB) . i" 
ftfct>, ^3tS^±fSC0G ax I n, »NtU ^7J/K 
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» 



( 3 ) 



<ln, „ N/B P%DHffim<D&ft.&tt^ m&XQ. £ 

So La>U #J;Lli, y ^<fcW*5Ri|fc3M*:fc UTf**W 
4»**©!)^aSl (BP) &g*¥ili££a>fe?«> 
^^yf (mi sma tch) 1^16. 5%<t:*C 

-cfcs (,&m %mm. r^a* (±) j (199 

2¥6^ 2 5 0, (Ht) ^M^^fflKS^^tf 9 JBU) , 9 

xm&mzmtiz y ^tmm&¥m&m&Mi&-tz>tztb 10 
fe&frib. mmm&£km&±{^ ( am o r 

phous) *lE#b LT^5S«l^LT!J WkHj 
[0 0 0 6] 

[^BJi45^t<t 5 ir-TSISM] Ga, I n, xN2»ib& 

51^11, MIO-Yy^^A^^O. 6 (^60 

%) i:i^*5>j6JS^fcofc (±te^^B§5 5- 3 8 3 20 

AJi^ttCGai I ni , NJf ^^LT^ScoiiS^T- 
a, I n, ,NlA5#^5©*T*fc?.. 

*r»Sfc*»c, M§£ (Zn) «?©*#6 
#J?r^J!)PLT«it^riH^^/h$tifcG a, I n, « N3§3t 

JfcJgfit ( = ffi©t^) * 1 0 3 ~ 1 0'*—J* • -fev^- 
hA- (Q • cm) ir-rsSlgfetco^JlT-fcSo -rofc 

■0SJx(*\ ■i&VMiI^|B]fl;jBE (Vf) ©LED, sfe^fi 30 
BHitWBE (Vth) ©(S^u— ify-T^-— K (LD) £ 

ftW^ftSr^gft-f-SG a, I n, » N*»<bft?>Sg3teSS: 

[0007] jssa*^©*^-©^— 

O /c 40 
[0 0 0 8] S-5t*iWt ±IE»tS*ftflf©raflS^ 

P n msm y ^fcii*********^*:!**-*- s 

OTfcS, 50 
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[0 0 0 9] 

(1) ^BB^b^-SStSi:, &i&.±\z.Wttf bMtmwm 

t , a«fs±nn»»t btbfcm i ofii»© y ^kH* 

(BP) micoWM 

(B) 5ri*tt5lEMyv (P) fbLMHv 
ir^tfS^?>«^$^ HftJIris, £3R (N) .O&O*. 

ry >-*^v^ro«^7c^t LT^-tf i i lmmitvv* 

(2) ISftea*, tftyWt7;uS = ^A-#y?A- 
1* (A l . G a , In, N, , P, :0Sa< 

1, 0<j3^1, 0^v<l, a + /3 + v=l, 0<6 
<1) *»b«f^$tLTV^r i:S:#Sfct-r5-hlE (1) 

(3) ^l<O»®S*3«t^2 0DKEMS*Ss tflt-©« 
lLvffiH£3. 0 ± 0 . 2eVtt5|fftO!)y|W 

(BP) 1^5)45; i:Sr*f®i-r5±fE (1) ifctt 

( 2 ) (CfEfgtf) p n y VfltfflKaiiMMttBjfc* 

(4) ^l<DPSIi^i:M5t®ico c P^*3j:T>*^2(OlSli 

m b&jtm bcD$>mic<$>fflmrfmibtixv^z>~ b 

Wib-TZIM (l) fci^L (3) td|5*CO p n ^-g-M y 

(5) sikki&x (s i) mmfk&m^zz. b^mwb 

1-5±IS (1) ftv^L (4) ,CfE*c<£>p nf^I!) 

(6) *§Hi*»ibft3S£-hK:, £ y >- 1 Sr^tp 
ii, 1 1 ©£if © u yfbi^ (BP) 

tez>mi<D&mmb. $& 1 iztzizm 2 <n&mM<r>%%m 
b. m2<Dfemi&z>v^km&zk¥mm>bti:zm2<o 
mmm t zmmm-t z P n g-gs y vitwiR**** 



(7) w*sr^fl£i:i-6*Bi«ry vikiaasrifii-jaie 

7 5 01C~ 1 2 0 CCWffilffcSr b*<&Wib-t 

5-biE (6) »rre*©p ns^g-ffly wta****** 

(8) _kss (1) /«c^u (5) tciE®co p n m&m y > 

X3bZ 0 
[0010] 



-tmi&it&m2<om& (^5yK) ■trypan** 

* (B) tyy (P) ££«/&5r;9?f£ Lt^tfl I I- 

vwfc-&**«#a»6ftsJiTa>*. »i&t/*2<0i* 

SJfttHJilxJi, B. Al fl Ga, In, „ „ T P, « 
As a (0<«S1, 0SU<1, 0£y<l« 0<a 

fi* B o A 1 fl G a T I n , « , , P , 4 N 4 ( 0 < 
oSl, 0^/3<l, 0^v<l > 0<a + /3 + y^ 

5 0 fllx.fi* *10WffiJSSrnJKti-ixtf, * 2 0) WIS 

»S^tk(R LT^3fc£ fc fc fe-r»*tW3IS'fr©«l*tt««> 
T<B^ (_hlEO r^ttx'M^g&J , 111-11 

3i#») o t£oT. RtwitriiMftrasoy 

ftliS*»ft:|:ii, y ^tflMl (boron mon 20 

ophosphide) , y wka* • #y&j* (b. 

G a , P : 0 < a S 1 N 0 S y < 1 , a + y = 1) s y 
IsikMM * T/l^ ( Ba A 1 0 P : 0 < a ^ 1 , 

O^0<1 N a + j3 = l) , a^fcy ^tflBSlBP, i N 
i (OS 5 < 1) *^fc5 0 

[0 0 1 1 ] Sfc, fflEl&t5*2^WMtt, ^TtilJ: 
*tU Mt^«ihffitlJr*5) 3 e V 1 1 § y VftlSI 

(bp) frbmiRi?m2<Dmmm&&m^mj&-T:$ 30 
i:«BP^»t Lfcy >ikmmm¥m#mt* tomtit 

-C*S. SlXtfSI 2 fl. MI^HfiO. 

leV N M4t<|j:ft0. 3 e ^it^IS:*: t 

Stlhfi?l|6S:#<j2. 8eVHlt*6eV*l^n 

y >itmm%k*mftmte, *i»ff»2oiwiiLt 

»iltC*iJfflT*^5o ^^T*0«ih^*gS: 3 . 0±0. 2 
evitsii^yyfti* (BP) Jl£*P&&JSffc; 
^tt«tl*IMB (mocvd) SiaUMt^S^li, 40 

7 5 0t«± 1 2 0 Ot&iTMgCfcV>t, MOCV 

v/i I lit*) S^SigSSr^Fiiir-f 5r irtd«t «9 
n mUTlcRtt 8 1 i: t J: 9 5. 
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[0012] y yfk«*^Ii:fcoTit 

*tt»*ttSK:8aH) (= K-tV^) -fr-f t fc nJBSfc 

O^TL (vacancy) *fcfiy ><DQJl<DM-5- Lfc 
10 19 cm 3 -1 0 2 0 cm 'SSOJlM^^t y 7^ 

fiffififcWfctt*. Wh. y Wb^■***^JBS:fflv^ 

n — V (as-grown) ^|§T*{£lSSt<D p ItmttM 
fti^^rir y Tftfifitrfc/L 5XlO ,7 cm 3 ~5Xl 

o' 9 cm 3 h-tz><Dtmirz>o r> k— ^«t«"ertti 

*^ttm^*Wkm^%%v>?—v—\?i<'jf (cou 

nter doping) tt««J*M««b* 

[0 0 13] **93-Ctt, ^5til^y v (P) Sr*|> I 

*^Jrt:**i&#*>oofc, y ^^m^Lfzmt LtttS 

Jt«tt***038*«rfc*:6-t-teaii- 
5«te«it1lf«S:*|/h-CtS»by Wt7;i/^ = !>^ • 

# y £A • >f >i?<?J* (AK Ga* In v N 
, 6 P fi : 0 ^ a < 1 , 0 < i3 ^ 1 , 0^ 7 <K a -h 
/3 + y = l. 0<5<1) ^bi^tSwtttio A 
1 . G a s I n , N, . P 4 *»5>«t, > Ajffij&Jt 
Sr*lJ 2 0 %B±Citft5: £ {^H5^ B H B tt^^b*lH]M 

y ^<DUfSL\t\t.WL^ 0. 2 0 (= 2 0%) ^T^LT 

Wifi, pJ&<D$fil<D»%£f§-kfcpl&<D!) Zs&<£t*l I 
O±Kn»©JS2<0|«M«:«j*-rixHr, png^SD 

Jl^b«^i-^^Sfi^"fLfc*< , «0xifi#F (we 
1 1) Hi: LT«Sfe60%3t®Sr^tf#a4^#F (MQ 
w) tfK6a»fe«toft-C# So H*<7>#F®S:{ISx.fcMQW 

^FJiSr^-ri i i«2ftte*ait»«^y vfflfig 
fiP»m— tt5^wi lv\ MQw^ia^K^ (^y 



• » 

* • * ( 5 

7 

£ 0»Jt»«O*:#/jrA l x Ga, X N (O^X^l) 

■*\ Bx g a , x p (o^x^i) «omssii»ioyy 

[0014] &ytm±\zm 2 <oe^^m 2 <Dmmm& 

ffi 2 0|*BJI<cH£3U£tt. JB 1 tf>K^iI i \t&m*EL 

CtmSo *-fi^#F (SQW) StiiMQWi 10 
JtO»3t«l-S>or, *l©»fi»(BI^»tl»»"rSO 
fit* #Fi*fctt»a (barrier) «0>ffiriVT**> 

[0015] *38Wt?tt, » l Xt/» 2 ^K^eSr y v 
<£>l^lgJi i 585fcJl t co ra*3 J: t>*^ 2 <Dm&£M k 3&%M 20 

s§ 1 0>MM*tti- y ^ba***w*»*» b»*Ji^ 

Mttt*5y> (P) S^ittW* (B) £MS> R 
iat/JS2^P»Mojgj«iB.*3fts«E*a, 7 5 0t-l 2 

- # y £A (A 1 x G a i xN:0^X^l) 

[0 0 16] *«K^«to53B3tJ12iV*l. fg2c7)» 

IMf*, Wi^D^y (ha 1 o g e n) ^ffifiEfi 
ft, K9-f K(Hydride) mffi^cSfe, 

jBUnfcT*:*->^u (MB E) 

m (MOCVD) «S*^«ffi**iS6fctt9Jg|R-C#5. 40 

iiti?»t5o r tb ^ <nmmm nm^<om&t: mm. t 
**ttos* (si) *?mitmm (sio i v 

K^^ttWSJI^ yyfWy^A (GaP) % gfk 

#V>J* (GaN) *OI I I -VtWfcfrft¥»#lMS 

Tfc^to^ 4*fi3Bfilcfcotii {l. o. 

0.}, {1. 1.0.} ifcVMi {1. 1. 1. ) KSeFb 50 
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ffi, AirSSSSicfeoTfi {o. o. o. l. } 

{1. 1. -2. 1. } j^fiE^COffifttf)^ — (Mi 

i i e r) m&<Dm&m&$tmk'tz><D&mMxibz> 0 

^»0a-7;^;t (o-AhClftfi) ^ 

(CIEA, <pJtt^OHtt(07f-— ^ s/ $ (Ohmi c) tt^ 
ffiSrftK-etSfc*, ffiffil£LED^O»#*-T-«r«J« 

5:lmQ - cm^T\ ±9M*L<te0. lmQ • cm 
ttl, MB*rRl«ffi (BflB. Vf) 0&NLED^t/:bt 

[0017] jbfaco$D< ^ B B B si±i:s i (Dmmm* 

SttSKBSU 2 5 0tW±7 5 0^T<^Jfc«#HB;J& 
SrKttSti-Si:, AS (crack) «&<&4>fcv^l8 
StRi: y ^fcH****** t ^>*&^ 5 

2/^=- (mi sma tch) ^ifqtt, ^7^-/ h 
(misfit) IcIS^^Bl^Rfe^^^VV 

fc:«l*a;^ra:y ^£r£{*:£ LT^SSSJia^Srf *?gJ*L 
/cm. *©«ttfSrfi){ft«i ut y v^k«**^W#Ji 

*0J-ef^ SBB^jft^it* (**tfc*) 8 0%&,± 

(Dmmm&Mtist'tztf}) (Ga), ^^^^^ (i 
n) ^(omm^<om<oi i isiTcSSr^fttbSo » 

»OJB«SrR»^itW**a r«#iJ--< h (sit 

e) J , r^g^J t LrX&mziEmxt Z> 0 

[0018] mc. mm&±&k-t%&m&i&&mm<D 

>ikf&mk&, mm*3iitki-z>&m<Dftmz}) >> 
(p) ^gs, ffitfe^-^T, mm&iifrkirz&m-b 

Mtt5 0 mm*±&k-rz>$LWk* : fc&L-t 



I 



• t 

• * * 

( 6 ) 

9 

#H«sr*jfctiL-c\ y xk&mzmft-tzz t t-tti 

tf. lll!«fctt«JBSrJBJ«Hi*»T*iJ«-eas>S 0 !> 
^bW*^*P«E^a««^tttt, ^BITUfr* (J. A 10 

m. Chem. Soc. , 82 (1960) , 1330 

-1 3 3 21) KHJElc, IEtt£*i/r^5o 

[ooi9i y wt*o.asri6i-a*«:, 7 5 ot~ 1 2 

tcft*5S*Srffi^^FtB^T$>So 1 2 0 0°C^Sx.^>ii5 20 

Mcfctfyft y ^t^m<D^i^t LT, MOCVDM^rt 

"C (C 2 H 6 ) s BSrHBSfjKi: UT, J£fi&R<7>SBSr— 

£\ PH3Sr-g-tf#ia^rtT^l 0 0 OtiigOlSt 
l Scroti 9 y ^fc*fl*:llli-*««r«»-C#5 0 
[0 0 2 0] »fi^b*SS«toaffi±^. _hlE£>S! 1 

tz^L \»# ^iy^^mmmm^mm-rti^ytm^m 40 

Tgfifcfflfii: Lttt % 7 5 0t5:itl 2 0 0taT^l 
HriSjg-j-5o 1 2 0 0°C%m?LZ>mUX*tti, BeP^B, 

*Pt^<D&m#y >ikmm<o&±\zmv (j. Am. c 

eramic Soc., 47 (1) (1964), 4 

4-4 6i#i) , m&tf)\z*%mte v xtmrnzk^mt* 

£r|g;L*§3 0 0 0 nmiJJLT"e*)5^^»a[T?fc5o ^Jx 
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Sria«LTLEDSr««-e#5o * 2 cop^M®_b 

ICS (t fen*:, *2<oeaWK-Cffi2<^WESJict 0 fcfiv> 

fift$£o y b 4^ ^ y ^ hg± 

fcLEDS:i*"Cf5 0 SB 2 OWSJiJc^*^: 

S*fc*2©e»JKo«Sttlt*»Sr8l«t*:«, «;ttf, 
tlU^ ^h7^y (stripe) SLD^t 

[0021] *&w(omi <ommmm(ofa-m t it, & 

0> (a) — (g) «^E*^B*^fe«^$tt5 p 

(a) ■* K— {111} fefiffiSr^ri- 53* 

MtitMSfl, (vy =i» ( {111} 
(^>y =*>o g^) 

(b) mmmm±\z.^ (c 2 h 6 ) ,s^mmMti,x a 

tty ^t^m^m tt^ Lfcisaaw* 

(c) fiau*nfji±»cR»tfcr> k— ^pfl^y ^mb 

(jtk*0;-c«, p^) 

(d) 1 1 (DBlK^J^TK^tG a 0 . 90 I n 
o. .o No. 99 Po. oi a»5>ft3 S i Y—^nteltftM 

(e) »*H:S!^S*tBitfc7y K-^©n«y y 

<£>PMI/f (nfl^ 5 s> KS) 

(f) ±ISS*R(Daffi^B&^StcRtt*:A 1 a>feft5 p 

( g ) nj&<Dm2<Dmmm<D*&\zKvi±mtom<Di3m 

[0 0 2 2] 

[f^ffl] y wkii^^fti^ b * $ s i st;g 2 <d 
stiii, ^ttfeo^F^tc^^tL^y i i% 

5tc:ai-S*ihffiriHOJH|/h$n*: I I I 

[0 0 2 3] 4$lC x y >*mj&7tmt LT^frA 1 . G 
a 0 I n v Ni a P a (0 ^ a < 1 , 0 < /5 S 1 , 0^ 
y<l, a+0 + y=l, 0<5<l) ^ H B B ^, 

[0 0 2 4] £fc, usssffi^sioBigsto^ra^ 

[0 0 2 5] 
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[0 0 2 6] iljllifiW^SLED 1 BCO^PS^S: 

H«rH 1 K^-f-o [21 1 K^-rfi&glx-x' tc*&o 

tLEDl B(^Wfffi«ii<^«S;iaSr0 2^i- o 10 

[0027] ledi Bm&vmmmmmz, mm 

(B) SrJSJDUfcp^^ (111) ^aS^t^S i 
^■HSrSlgl 0U LTML/Co fi«l 0 1 _bfcl 

bv^^mm ( (c 2 h 5 ) , b) zmmmti, 

4 5 0TCTli^?)45»Rl 0 2 a *±t»lfco 
fflHf *&BS 10 2a <Omm* 1 8 n m k L/c 0 M 
M&Wkl 0 2a &M$t LfcO <t l^-(OftESMO C V D 
fifcKjFOrtSBfcl PH 3 -H 2 m&Jf* b ft 
fflU 0 1 CO aft S: 4 5 0X:frb 1 0 5 0°Ci£± 

#<*i*fc 0 w£>#fiiaa*T?, HXttKl 0 2al:yWb 20 
fcySSriSLT, «* y ^ i: Sr^tf««» 1 0 2 SrJKric 

[0 0 2 8] iV^, f^C<^EEMOC V D^i££rfijffi 

wtsai* (bp) mfrb*z>$&i<Dmmmi o 3&mm 
ii^iiii o 3Kte*.§!t>ft<, ¥*aft*B<o 

»8tJBi:ftofco Il^»8110 3Srfttp»yy<k 

2 X 1 0 19 c m 3 r-fco/c 0 IB 1 (OWMM 10 3 Srfti" 30 

pMv i/fcmmm<D&ux*(om±ftmte. mvtm (u) 
kmm&» u) (=2 • 7? • K ) co^g^# 

^3eV^ 7&ib b1ntc 0 

[0029] mi <oumm 103 (om.n^^T Lit 

^> P H, i: H 2 t SrMO C V DMSlEI Uo 
o s 1 0 1 <omA&8 0 0 o Cl£{£T£-£*: o ^£go 

tg. hy^f/^y^A ( (cii) 3 Ga) /by^ 

/V-Ov^A ( (CHa ) 3 I n) /Tls*t~T (N 
H s ) / P H, / H, » tEMO C V Dffildft 9 , fS 1 (O 
WltJi 1 0 3^S^*-yrT, 0 4*fti-n?BS 40 

ffcy >{fc#y • (G a 0 . a b I n 0 . is N 

o.9o Po. ,o) m&WtVfro 3§3tJi l o 4 coy yfMii, 

*fe^fe»fe«r05S*3&S#feiX5it* (=0. 10) £ 
U Jiff ttjft 1 5 0 n m k Ltz 0 

[0 0 3 0] 8 0 0X:xmytm 1 0 4 0j£*£rJi&TL*: 

rafflL&fcifc^-c, Mi0 4l(:ryK-ytn 

^(D»tft:oy VMt (BP) 2^»ii 

i o 5S:»-fr**TB9:*tfcc ry K-T'T-n^y yft 

fflS^Sfi, (C 2 H 5 ) jB/PHj/HjMEMOCV 

Dfetci *9^s$^fc 0 n 2 (ommm 1 o 5 co/u?te, 50 
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s 1 (ommm 1 0 3 1 mm— <o 4 5 0 n m t Lfc 0 s 2 

opf^Jf l0 5lt ^Tfe® 10 4 a>feo3B3te£#i*WK: 

[0031] gs 2 (ornmm 1 0 5 o^ffi^^gp^, m 

E^HftktSffll^-^W^^A (Au -Ge) ^ 
d^ft5»KJ!Sria«UfcAu -Ge/^y^r/U (N 

i ) /a u(D3 mmmw&fr % ^s^mmm 1 0 6 
ntio ^^m<Dttm (pad) tg^i^^^siii 

*fc; p^S i WflMUBKi 0 lOKffieoi&^ffijctt. 

Siiii 0 7 itT/i'^^ • rmv (A 1 

• Sb) ft 5 tf—S y^tffiSrElLTLED 

1 b ufc 0 a 1 • s b m^^comm^ 2 n m t 

Lfc. ^@®^ 10 6 10 7 SrJUdS L*: 

SKI 0 1 «rft1"S i J£&A$r [2 11] 
tTSVSEft^rpl^aBffLT, -i2^3 5 0 J um^f 

siE;^tf\ sffi 1 0 1 1 teRttw&m 2 (ommm 1 0 

5 (D&mWfr h ^8B^383t Sr» 9 tti-i-*^ p n 
^rnii^LED 1 B^rtt^cLfCo 
[0 0 3 2] iimi 0 6 ilstSi 0 7 £<DP^j;r 

2 0 mACOidf^mSfESrilUfc UfcgRlC, LEDI 
B*>fefi±lc:S20»tI 1 0 5£riii&L-t\ &S£r^ 
5 4 6 nmtt5tgMW^f: e Z<D±tzZ>m 

ft»*ttB«>feixft^ofe 0 — «ttft«[»3««r*|ffl UT 

ao^*tLS»«tt*?)8 ^ y^^x? (mcd) £ft9, 

S5«3t5fiff<OLED 1 BSr«#t-Ctfco ^$?ftS 
Stttt36SPa*tb, 2 OmA«)|lB*lPl«8IEte*5lt*W*rnI 
®JE (Vf) f^3. 2VT*fc«9, 10 M A(D®^1 
8ltfc*5*tSiS!*rft«ffi (Vr) i^5V^±i:ftofc 0 

[0033] (» 2 UttM) 2 MMy-ctt, ^ 1 H 

^fe0il^cl5«feoLED{c^v^T, m 1 vfmrnm t ¥&ytm t 
(o^mRxim2(D mmm t mt/tm t <o ^ m ^ - t ti-^n ^ 

PflJBSrKttTftS, p n^frffl^^v^ 
«BSriii5:fca««JS#:^fe L E D 2 B Sr«j«i-5»frSr 

[0 0 3 4] 2 HJSflfy^filtoS L E D 2 B C0»f®^ 

s;ES:ia4^i-o ii<otwiio8»t;i2(ofw 

Lt^Lfco ^oT, Ill4^CioV^T. Ell&tWS2t£ 

[0035] ±m(om i nas«yiciE«<o* 1 ^i^ii/i 1 

0 3Ji(r, TyK-^n^HWU^ (GaN) 

s^e>ft5fg i (D^mm 1 o 8 ^sji l.^ 0 ^ i o 

81*. (CH 3 ) 3 Ga/NH 3 /H J MEMOCVDS 

(cit), IioBili o 3<D^/£K§|# 105 

0t-CJgj*Lfco ♦Pflil0 8Ol3[H:*Sj2 5nml:R 
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0 ,s c m 3 J: jMBfc btL/c 0 g§ 1 COm^M 1 0 3 CDS® 

t-3?M-r^> v ^itmmm<o inn ^f s so^ai^ 

Pi m3- 2 1 A) £ (Wu r t z i t e) 

fiIOGaN©a«ft^« («J 3 . 1 8 A) t 

^*:7-< y hfefl:*^>4^6SOfrai 10 8 Srfllfifc 

[0 0 3 6] ^lCO^ra/l 1 0 gunfeWcfs 
«Lfc^i:ra— (^«3tJB 1 0 4£^$i2rTSS!ttT^ 10 
^3t^ 1 0 4\z&&£itXf&2<0<pmm 10 9 SrK«t 
fc Q »2<3D«t»BBS 1 0 9«u ^1 O^ras 1 0 8 
t^co^jfejcj: t), ^IO^PpIS 10 8 iHDfllietf) 

GaNl^Wlt ^2^*WIJB 1 0 9±(Ctt N « 
lllJteffilirl^fil^afcftt), * 1 £ l^«<a» 2 
^Iffl 1 0 5 ^$tt^(t/: D 
[0 0 3 7] -j&Wfc 2 #^ ^vSfi^tfr ft (SIM 
S) Kftftfi, *S2|llfe«|05S3t« 1 0 4F*)gf*<Dy V 
JW J f-««tt»4 X 1 0 21 J^/cm 3 |C«4>LTI^*:. 
B^K, ±te<D^lHJ£^i|^f5^0iD< , %SlRXfi9S2 20 
©cpraJBl 0 8, 1 0 9 &KttftV^LED<£>583teJi 1 0 
4 Ort^PO y VjR^»«f4, &6X10 2 ' m*/ c m 3 

8, i o 9f*3§3tS i o 4oy ^m^itSriftl^i-s^W 
3&-efcofc 0 HSt;S2Off F jii0 8, io 

9 J: 5^1 £>PtSJf 1 0 3^ Affile LT5fc5flBSi^V> 

1 0 8, 1 0 9 tMl 1 0 4 d:^fD8^®^a 

(1 9 8 9^8^200, (tS) ^— ^tt38tT. 30 
JglKEIglJB'J) , 3 7 1 - 3 8 4I*») fc»JhStt* 

[0 0 3 8] ^1 gitStf!] bT^Sli® 1 0 6 k 

!SISl0 7 4:Mtt, LED2B«Lf: 0 * 
Sfltf&l 0 6 igE®ffil 0 7 k (DffllzMJjfa^ 2 0 m 

#»JO L E D 1 B MJt|5E Lt, «fc 9 IKfOft 5 3 5 n m 
t4ofc, St HMi2©gill0 3, 105 

tzm&m*mm utws ucled2b^7 ^ttie-e 

lOmcdi:/^, L E D 2 B 

*t m i i o 8 t&itm 1 0 

4^ffi^aD*3iV»2^<f PflJi 10 9 t&Jtm 10 4 

^^£2 OmAi Lfc^OV f 12^3. 0 VT*fe9, 
iS?*lR)«8ESr 1 Lfc^OV r fit 8 V«±^ fi» 
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[0 0 3 9] 

Sr«*Sr*#:i:i-S»JKS:y >fkLfc«B*i: y v££r^ 
r k k i.tz(OX\ *ia«SE60^v^igfctt*c«ix5» 

[0 0 4 0] *fete*»W*2lftJxff, i i oet^^s 
1 <Z)|»S«±^K*tS«3tJBS:, WfcAl. Ga* In 
V N 15 P 6 (0Sa<l, O<0S1, 0Sv<l, 
a + j3 + y = l N 0<5<1) 

[0 0 4 1] **WlCffi5pn«-&ffly^ta*5R** 

[m®^i«^^ittw] 

[mi] **Ki75»i3ijfi0y^5LED^5piB«a;EI 

[12] (§] 1 ^-tm^X-X' t^ofcLED^Ir® 
[[S3] *«W^l3IJfi«»J^«5LED<0*5t^^^ 
[E!4] *»W<D»2**W^«5LEDOWfBBatS;BI 

[^-^CQlftP^] 
IB, 2B LED 
10 1 
1 0 2 

102a mm&B: 

10 3 ^1 CQI^MJI 
1 0 4 383tJl 

10 5 12 comMm 

10 6 S®ffi@ 

i o 7 

10 8 Si O^P^^ 

109 w,2<D$>mm 
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